Abstract This study evaluated moisture content of broiler breast PSE meat by thermal gravimetric analysis and strong cation elements by inductively coupled plasma optical emission spectrometry. The weight changes were monitored within the temperature interval 9-750°C and the most severe changes were observed at 9-160°C (1A 
Introduction
Stress is a common term for describing a set of physiological reactions to physical, psychological or other types of impulses capable of disturbing homeostasis (Mitchell and Kettlewell 1998) . Endogenous thermal stress promotes a higher intracellular phospholipase A 2 (PLA 2 ) activity in the presence of micromolar elevation in intracellular Ca 2? (Soares et al. 2003 ) with this phenomenon being proposed to trigger the molecular mechanisms leading to the onset of pale, soft and exudative (PSE) meat. In addition, damage in calcium efflux from the sarcoplasmic reticulum to the sarcoplasm by calcium channel proteins is linked to this meat quality problem (Werner et al. 2005) . In fact, Ca 2? overload leads to increased glycolysis rate through activation of adenosine monophosphate-activated protein kinase and to increased lactate production (Hardie 2003) . High temperatures during PSE onset leads to increased formation of reactive oxygen species, deregulated intracellular Ca 2? levels, and a series of metabolic changes that affect meat quality Feng et al. 2008) . Physiologically, the birds are strongly affected by several factors especially for long distance journeys and long periods in lairage without food, increasing the heat stress on-board and inducing PSE meat (Freitas et al. 2017 ) and consequently, losing the Water Holding Capacity (WHC). As a result, meat becomes soft and its surface appears wet and pale (Hughes et al. 2014; Jiang et al. 2016; Wilhelm et al. 2010) .
Thermogravimetric analysis (TGA) is the most common technique employed for investigating the kinetics of sample in combustion, pyrolysis, drying and others (Cai and Liu 2007) . It has recently been introduced to meat and bone meal (MBM) to be destroyed due to the possibility of being the responsible for the transmission of the bovine spongiform encephalopathy (BSE) particularly in Europe (Conesa et al. 2003) . In addition, TGA provides precise measurement of temperature, time and mass (Zhang and Chen 2016) and hence, it can be valuable to assess the thermal stability and water distribution in foods. Spectroscopic analytical techniques such as atomic emission spectrometry with inductively coupled plasma (ICP-OES) have been used in the determination of minerals in fish and crustaceans (Bilandžić et al. 2014) as well as in beef and pork under different thermal treatments (Goran et al. 2016) and in several cases, it showed to be reliable and precise methodology (Brenner and Zander 2000) . According to our hypothesis, these innovative techniques may provide scientists with accurate and valuable information to establish further evidence of the role Ca 2? in the onset of PSE condition and explain some of the undesirable consequences of such defect on meat quality such as the WHC.
This work attempted to explore the behavior of moisture of broiler breast PSE meat by TGA and muscle strong cation elements contents determined by ICP-OES during the abnormality biological onset of PSE.
Materials and methods

Meat samples
This study was conducted in a commercial plant in Paraiba State, Brazil. Birds were of the Cobb lineage, mixed genders, 42 days old, with an average live weight of 3.03 ± 0.23 kg. The animals were slaughtered according to standard industry practice, which consisted of electrical stunning, bleeding, defeathering, evisceration, water chilling, deboning and refrigeration at 4°C for 24 h. Samples of breast fillets (pectoralis major) were separated randomly for further analysis. Meat samples were classified according to pH and L* values as in Freitas et al. (2017) as PSE meat with pH \ 5.8 and L* 51.0 and Normal meat with 5.9 \ pH \ 6.2 and 45.0 \ L* \ 51.0. pH was measured (in duplicate) by inserting electrodes into the pectoralis major muscle. Color was evaluated using a Minolta CR-400 colorimeter, taking five different reading points per sample for color determination (L*, a* and b*).
Proximate chemical composition
Moisture, ash, protein and lipid were determined according to Association of Official Agricultural Chemists (2005) methods.
Water-holding capacity (WHC)
The WHC was determined based on the technique reported originally by Hamm (1961) and described in Wilhelm et al. (2010) . A total of 80 samples divided into two treatments (n = 40) were collected from the cranial side of the breast fillets, cut into 2.0 ± 0.10 g cubes, and analyzed in triplicate. They were firstly carefully placed between two filter papers placed in acrylic plates and then left under a 10 kg weight for 5 min. The samples were weighed, and the WHC was determined by the exudate water weight through the following formula: 100 -[(Wi -Wf/Wi) 9 100], where Wi and Wf are the initial and final sample weights, respectively.
Thermal gravimetric analysis (TGA)
The TGA was performed in pectoralis major PSE (n = 3) and Normal (n = 3) meat samples. Thermal gravimetric (TG) curves were obtained in the temperature ranged between 9°and 750°C, using TGA Thermobalance-50 of Shimadzu under a dynamic atmosphere of argon (50 mL min -1 ) at 10°C min-heating rate using alumina containing sample mass of around 10-22 mg. Calibration of the instrument was checked prior to testing and employing a standard calcium oxalate monohydrate, according to American Society for Testing of Materials (ASTM 1994). The TG moisture curves were obtained by use of the TA-60 WS Collection Monitor application. The percentages were determined from three separate tests for each sample by evaluating the mean value of the curves.
Strong cation elements determination by ICP-OES
Normal chicken breasts (pectoralis major m.) (n = 20) and PSE (n = 20), were freeze dried in LIOTOP model L101 (São Paulo, Brazil) and 160-190 mg sample were used (triplicate). Concentrated nitric acid (Merck) (4 mL) and hydrogen peroxide (Merck) at 30% (1 mL) subsequently submitted to heat (90°C) in the digester block for quantitative analysis as described in AOAC (2005) . The final cation measurement was carried out with a Varian 720 ES Series inductively coupled plasma optical emission spectrometry (ICP-OES), equipped with a solid state chargecoupled device detector (CCD), a peristaltic pump and a ''Seaspray'' nebulizer coupled to a cyclonic nebulization chamber. For the detection and quantification of calcium (Ca 2? ), potassium (K ? ), sodium (Na ? ) and magnesium (Mg 2? ), calibration curves were prepared in ultrapure water (Milli-Q) and nitric acid (Merck, Brazil), analytical grade in the concentration range of 10 a 100 lg.L -1 using pure standard compounds (Merck, Brazil). 
Results and discussion
Proximate chemical composition and breast meat colour classification
As expected and shown in Table 1 , PSE meat samples displayed the typical physicochemical features of this breast abnormality: lower values for pH, redness (a*) and WHC and higher for L* and yellowness (b*) compared to normal breasts (Barbut 1997; Olivo et al. 2001 ). Moreover, they had lower amounts of moisture and lipid fraction and there was no significant difference in protein content.
Thermal gravimetric analysis The most remarkable weight loss occurs in the curve identified as A. It is known that meat contains three different types of water namely, free, immobilized, and bound water (Huff-Lonergan and Lonergan 2005) . Since bound water is trapped within the protein moieties and immobilized water is attached to the proteins, free water is usually lost during cooking as observed in curve A. That occurs up to * 100°C, which happens to be the boiling temperature of water. By the time the PSE meat samples reached a temperature of 160°C, the sample had lost about 61.17% of its original weight whilst normal samples lost 64.74% (Table 2 ). These results confirm that normal meat contains a higher percentage of free and immobilized water, thus a higher WHC (Table 1 ). In fact, PSE meat samples contain about 1.5-2.0% less moisture than normal meat, determined by regular method (Table 1 ) and 3.0-4.0% by TGA ( Table 2 ), assuming that the weight lost in curve A is exclusively water.
It is in this range of temperatures that the majority of myofibrillar and sarcoplasmic proteins and collagen are denatured (Skipnes et al. 2008) . The thermal denaturation of myosin which usually occurs between 54 and 58°C is more pronounced in PSE meat samples as determined by differential scanning calorimeter (DSC) (Li et al. 2014) . Actin denaturation take place around 80-83°C (Li et al. 2014; Wright et al. 1977) , denaturation of bovine titin occurs at 78.4°C (Pospiech et al. 2002) and collagen fractions at 63-65°C (Zhao and Chi 2009) . The denaturation temperature of collagen fraction would depend on several conditions and in particular on bird age. As the broiler was slaughtered at commercial age of 42 days old, the mature collagen crosslinking, pyridinoline is not quantitatively at high level as reported previously (Coró et al. 2002) thus it is denatured at temperatures of 63-65°C (Zhao and Chi 2009 ). According to the TG curves shown in Fig. 1b, c , the weight loss of protein and lipid fractions may represent approximately 10.0% each, as above 180°C and under this condition the total lipids suffered the combustion. This was probably caused by oxygen bonding to specific unsaturated bonds, resulting in peroxide formation even at temperature below 180°C. At temperatures higher than 180°C, there was mass loss by thermal degradation and the decomposition of previously formed peroxides.
Strong cation elements evaluation
The concentration values (mg 100 g -1 ) of mineral determined from the ashes from PSE and normal meat samples are shown in (Green et al. 2000) . Figure 2a depicts the mechanisms implicated in the onset of Rigor Mortis in normal postmortem changes of avian muscles and a controlled release of intracellular Ca 2? . Tubules T depolarization induces the structural alteration of dihydropyridine receptor (DHPR), which is connected to the a-RyR and finally resulting in the Ca 2?
release by the calcium channel (Fig. 2a) . On the other hand, under heat stress, such as that occurred during onset of PSE meat, there is an excess of Ca 2? at myoplasm with the sarcoplasm reticulum triggering the excitation/contraction coupling mechanism and a subsequent fast glycolysis rate which leads to reach final pH (pHu) within 15 min (Olivo et al. 2001 ) to 200 min . The activation of the channel and the efflux of Ca 2? by the b-RYRs are caused by the local increase in the concentration of Ca 2? (Strasburg and Chiang 2009 ) resulting in PSE meat (Fig. 2b) . The consequences of Ca 2? excess involves activation of Ca-factor enzymes such as the membrane associated age related phospholipase A 2 which has been linked as the triggering factor for the initiation of PSE symptoms in pigs (Cheah and Cheah 1981) and broiler (Soares et al. 2003) . This explains why PSE meat is more sensible to lipid and protein oxidation . Another key enzyme is calpain and as shown in Fig. 3B1 and B2, firstly there is a depolimerization of myofilaments concomitantly to the sarcomere shrinkage thereafter intense calpain activity takes place on the substrates among others titin (thick myofilament), troponin (thin myofilament) and desmin (Z-line) and the entire muscle system would collapse (Wilhelm et al. 2010) .
Despite of higher muscle contraction around 10% (Fig. 3B3 ) in relation to normal (Fig. 3A3) (Soares et al. 2003) , the tenderness was shown to be higher within the PSE meat samples because of the abnormally higher protease activity Wilhelm et al. 2010 ). Protease activities have been shown to affect tenderness during meat maturation and the calpain system is known to initiate enzymatic digestion of the myofibrillar structure. In fact, that calpain enzymatic activities in broilers and (Lee et al. 2008) . Figure 3A1 shows micrographs from the first postmortem hours of the normal samples. No modification in the structure of myofilaments is visualized. It is also observed in Fig. 3A2 that after 72 h the changes occurred in the meat were minimal, apparently the sarcomere myofibrils are depolymerized and some protein fragmentation events are observed. The opposite is noticeable in . b Under excessive Ca 2? Fig. 3 Longitudinal micrographs of Pectoralis major from normal meat samples: 1.5 h (A1) and 72 h (A2) post-mortem and 1.5 h (B1) and 72 h (B2) post-mortem. This PSE meat installation was described in detail by the author of such pictures (Wilhelm et al. 2010 ). A3 and B3: Sarcomere structure of normal and PSE meat illustration, respectively. Note the longitudinal and transversal sarcomere contraction in PSE condition (B3) under excessive Ca Fig. 3B1 , where the PSE samples show disorganized sarcomere, in which the Z lines appear more prominent. The myosin filaments predominate within the sarcomeres reaching the Z lines. This is likely due to an increase in Ca 2? concentration prior to slaughter in PSE meat. This hypothesis is supported by consistently lower pH values relative to normal meat (Soares et al. 2003) .
Conclusion
The Ca 2? determination by ICP-OES proven a 10-15% higher amount of this cation in PSE meat compared to the normal counterpart. The present results confirm that Ca 2?
in excess in PSE is the key factor for all the onset of the symptoms of this muscle abnormality hence impairing the meat functional properties particularly the WHC. Consistently, TGA results showed that there was approx. 4.0% less moisture in PSE meat samples in relation to normal. The present results contribute to support the already wellknown involvement of Ca2 ? -factor enzymes (such as PLA 2 ) activities as the trigger factor to initiate the PSE symptoms and the impairment of the quality in such muscles.
